The population of discrete transmembrane channels formed by gramicidin A, whether purified or synthetic, exhibits a heterogeneous distribution of conductances characterized by a single narrow peak typically containing 65% of the channels, together with a broad dispersion of the remaining channels encompassing all conductance values below the main peak. The "standard" channels in the narrow main peak appear to result from NH2-terminus to NH2-terminus dimerization of left-handed, singlestranded 16.4 helices (Urry et al., 1983, Bamberg et al., 1978, Weinstein et al., 1980. The "variant" channels in the low-conductance range were initially ignored (Hladky, 1972) and later attributed to the presence of doublestranded helical conformers (Ovchinnikov and Ivanov, 1977; but see Bamberg et al., 1978). Consideration of hydrogen-bonding patterns in the various dimer structures indicates that double-stranded channels should have much longer lifetimes than single-stranded, end-to-end dimer channels (Bamberg et al., 1978). We have shown that the variants have approximately the same lifetimes as standard channels, implying that variants must also be comprised of end-to-end combinations of single 364 helices. That standard and variant channels are structurally homologous is further supported by our observation that standard channels may spontaneously change to a variant conductance state and revert back to the standard state (Busath and Szabo, 1981). It is difficult to imagine double-stranded to single-stranded conformational changes taking place so rapidly and without loss of channel conductance. Thus it is likely that variants result from secondary conformational changes which do not substantially alter the basic helical structure. At present it is not known, however, whether the arrangements of the peptide backbone or the side chains are altered. The hypothesis of altered side-chain conformation is particularly plausible because it readily allows for multiplicity of channel states with discrete interconversions, which are rare due to substantial steric hindrance (Urry et al., 1981).
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This paper presents preliminary results concerning the mechanisms by which the energetics of ion permeation are altered for channels in low-conductance states. Specifically, we present evidence that most variants are caused by an increased binding affinity for cations at one end of the channel. The increased binding shows ion specificity that appears to be in qualitative agreement with the predictions of Eisenman's theory (Eisenman, 1962) .
METHODS
To assess the transport energetics of individual variant channels, we measured their current voltage (I-V) relation. A lipid bilayer was formed on the aperture of a pipette as previously described (Prasad et al., 1982) .
Val'-gramicidin A, purified from gramicidin D (ICN Pharmaceuticals, Cleveland, OH) by HPLC and stored in reagent-grade methanol at 30C, was added to the chamber. Transmembrane current was measured while applying voltage ramps to the membrane from a dispersion (50 mg/ml) of glyceryl monooleate (GMO) (Nucheck) in squalene (Eastman Organic Chemicals Div., Rochester, NY) or hexadecane (Aldrich Chemical Co., Inc., Milwaukee, WI). The single channel I-V was obtained by subtracting the I-V measured before and after the opening of a single channel from that measured while the channel was open. For any given channel, increasing and decreasing voltage ramps gave identical I-V, as expected.
These were therefore combined.
In symmetric bathing solutions (i.e., the same solution on both sides of the membrane) all channels have vanishingly small reversal potentials. Standard channels have symmetric I-V whereas variant channels, randomly interspersed between standard channels, always have asymmetric I-V (Busath and Szabo, 1981) . We made use of the frequently employed three-barrier/two-site version of Eyring rate theory (Begenisich and Cahalan, 1980; Urban and Hladky, 1979) to assess variations in the energetics of ion transport through variant channels. In this model, ions are not allowed to cross paths within a channel. Steric restraints, energetic contributions of the aqueous solvent, and repulsion between ions are implicit in the barrier height and ion-ion interaction terms of the model.
RESULTS AND DISCUSSION
Using a nonlinear least-squares algorithm, we first determined parameters which provide good fits to the I-V of standard channels in aqueous 3 M, 1 M, and 0.1 M KCL solutions. These are given in Table I . The positions of the barriers and wells in the electric field determine the voltage dependence of the rate constants for ion translocation as suggested by Eyring et al. (1949) . In the symmetric standard channel, a4 = 1 -a2 and a5 = 1 -a1. The simple two-site/three-barrier model gave a qualitatively reasonable but statistically unacceptable fit (P < 0.005). Nevertheless, for the purpose of qualitatively determining the nature of the energetic changes occurring in the variant
